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Abstract 
The aim of the paper is to determine if changes in regional innovation models can speed up the development process of less-
developed regions. We confirmed that regions that were less developed in the years 1994–2000 but developed relatively quickly 
in 2011–2014 compared to the rest of Europe had to change their innovation models to achieve such a high growth rate. Also, less-
developed regions’ chances for achieving greater economic growth were better in regions with higher values of variables related 
to innovativeness. 
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1. Introduction 
The aim of the paper is to determine if changes in regional innovation models can speed up the development process 
of less-developed regions. Regional economists have seen innovations as the main economic growth factor since 
Schumpeter [1] discovered the invaluable role of innovative entrepreneurs and the technological progress they cause. 
New growth theory assumes that technological progress is endogenic because the research and development activities 
that companies carry out in-house creates it; it does not occur outside these companies. However, local companies can 
also adapt and absorb knowledge from outside of the region. The ability to absorb knowledge depends on a region’s 
 
 
* Corresponding author. Tel.: +48 691495306. 
E-mail address: korneliusz.pylak@pollub.pl 
 016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommon .org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
2180   Korneliusz Pylak and Elżbieta Wojnicka-Sycz /  Procedia Engineering  161 ( 2016 )  2179 – 2183 
potential, which involves human capital advancement, learning abilities and new knowledge exploitation possibilities 
[2, 3]. Thus, in this paper, innovation models are identified by a set of specific variables describing the availability, 
creation, absorption and diffusion of knowledge in the region [4].  
Innovation models should be analysed spatially because, according to the neoclassical growth theory Solow [5] 
introduced, exogenous technological progress is the only factor that can sustain growth in the long run. Thus, proximity 
in its various aspects may play a crucial role in the development of neighbouring regions: see, for example, growth 
pole theory [6, 7], the theory of polarized development [8], the theory of cumulative causation [9] and centre-periphery 
theory [10]. All of these theories focus on imbalances as the main development factors [11, 12]. Thus, this paper 
is based on the assumption that it is possible to identify a few groups of regions that share the same innovation models. 
Because these groups also differ in their development levels, there is an opportunity for a region to grow more quickly 
if it changes its innovation model rather than maintaining its current model and growing within its group. Thus, 
we hypothesize that less-developed regions in the year 2000, which have developed relatively quickly afterwards 
compared to the rest of Europe, had to change their innovation models to achieve such high growth rates. 
2. Methodology 
To verify the hypothesis, we conducted an analysis of the statistical data of regions in the European Union (EU) 
at the second level of Nomenclature of Units for Territorial Statistics (NUTS2), using statistical and econometric 
methods. First, we used k-means cluster analysis with the Euclidean distance measure to verify that regions with 
relatively weak development levels in the period 1994–2000 and enormous growth afterwards, during 2011–2014, 
changed their innovation models. Therefore, we categorized regions in clusters twice, once for the period 1994–2000 
and again for the period 2011–2014, and analysed which regions changed their clusters between these periods. 
We assumed six innovation model clusters should be formed based on previous studies [4]. To implement cluster 
analysis, we used a set of variables describing innovation models, including the share of research and development 
(R&D) spending in gross domestic product (GDP), the share of the business sector in total R&D, the share 
of employees in science and technology in economically active people, the share of the population with tertiary 
education, and variables characterizing economic structure and indicating engines of economies’ growth, such as high-
tech industries share, knowledge-intensive services share, and medium high-tech industries share. In addition, we used 
other variables (such as low-tech industries share or less-knowledge-intensive services share) to provide a full picture 
of the specific nature of the clusters. As a measure of innovativeness and effectiveness of a regional economy, we used 
the number of patents and GDP level [13].  
After cluster analysis, we implemented a logit model to verify that innovative factors were crucial for speeding up 
the growth of less-developed regions, which fully confirms the hypothesis. We used the logit model only for the most 
average regions in terms of GDP per capita in purchasing power standard in 2000 (60% of total regions) because Pylak 
[4] notes that changes in innovation models happen mainly in average regions according to the level of development. 
3. Results and Discussions 
3.1. Changing Innovation Models and Growth of Regions 
Cluster analysis revealed six clusters formed in four classes of innovation models (A–D) in the first period (1994–
2000) and three classes in the second (2011–2014). The smaller number of innovation model classes than of clusters 
resulted because strong innovation models with the best effects in terms of outputs, especially GDP per capita, may 
be based on different combinations of variables according to the different economic structure of regions. Additionally, 
the C and D innovation model classes in the first period had to be combined into the C/D class in the second period 
due to the transition of some C class regions to class B, which lowering the average variable levels of the regions 
remaining in the C class, resembling the D class from the first period.  
As shown in Fig. 1, class A of the innovation models consists of two clusters: 1) rich regions thanks to modern 
services and high endowment in human resources, with high GDP per capita, high quality of human resources in terms 
of level of education and shares of people with tertiary education and employed in science and technology in the 
economically active population, high R&D outlays in relation to GDP and average shares of business expenditure 
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in total R&D and average patent activity; this cluster covers mostly the capitals of the old EU’s member countries and 
Prague, the Budapest region and Bratislava from the new EU member countries and 2) rich regions with high GDP 
per capita and modern industry—standing out in terms of great shares of high- and medium-high-tech in employment, 
with strong patent activity and the highest intensity of R&D in relation to GDP, high endowment with qualified human 
resources and very high shares of business in total R&D spending. 
Class B of the innovation models also consists of two clusters: 1) moderately rich regions with low shares of market 
services in employment, moderate shares of advanced industry but quite strong patent activity and high endowment in 
human resources and 2) moderately rich regions with high shares of market services, modern industry, moderate 
endowment in human resources and moderate R&D outlays in relation to GDP as well as moderate patent activity, 
with high shares of business in total R&D spending. 
Class C of the innovation models (one cluster) is formed by medium-poor regions with low R&D expenditures and 
patent activity, low business R&D activity, moderate quality of human resources, quite high shares of high-tech 
industry and services in employment and strong market services. 
Class D of the innovation models (one cluster) is formed by poor regions characterised by very weak R&D activity 
in relation to GDP and patent applications, with very high shares of business in total R&D and a lack of public support 
for R&D and low overall R&D activity. 
Fig. 1 also shows the transitions of regions to other classes in the second period (2011–2014). The most significant 
transition is that of Bucuresti-Ilfov, a weak region with the highest increase in class (from C to A class) of innovation 
model between the two analysed periods of time and with the highest increase in GDP per capita in 2011 in comparison 
with 2000. 
Interestingly, seven of twelve weak regions with strong increases in GDP per capita upgraded their innovation 
models to higher classes, four did not change their classes of innovation models and only one region fell to a lower 
class. Thus, we may assume that upgrading the innovation model, including increasing different variables reflecting 
R&D and innovation activity and modernising the economic structure, might explain the developmental leaps of these 
regions. Upgrading the innovation models confirms the theories indicating that innovation and technical progress are 
crucial for the growth and development of countries and regions.  
3.2. Innovative Factors Speeding Up the Growth of Less-Developed Regions 
The logit model technique used to analyse the differences between regions growing rapidly and regions 
in stagnation showed that growing regions are more industrialised, with higher shares of employment in high-tech and 
medium high-tech, higher R&D and patent activity due to higher R&D spending, higher shares of employment 
in science and technology, higher shares of members of the population with at least secondary education, higher 
increases in the number of business units per inhabitant and better labour market situations, which are connected with 
strong growth processes. It seems that modern industry, a high quality of human resources and strong R&D and 
innovative activity characterise growing regions. What is more, higher chances for GDP per capita growth were 
connected with an increase in employment in the high-tech industry, an increase in gross fixed capital formation per 
person employed, an increase in employment rates for females aged 15–64 and an increase in persons with tertiary 
education and employed in science and technology as a percentage of the active population, ceteris paribus. 
An increase in the knowledge-based market services share in employment with other variables stable lowered the 
chances of GDP per capita growth. Statistically not significant for the GDP growth were changes in the number 
of business units per inhabitant, changes in the share of employment in medium high-tech industry and changes in the 
share of R&D spending in GDP.  
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Fig. 1. Clusters and classes of innovation models in the first period (1994–2000) and the transition of regions to other classes in the second 
period (2011–2014). 
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4. Conclusions 
The cluster analysis shows that transformation of the innovation models has occurred in some European regions 
during the period 1994–2014. Some regions upgraded their innovation models, and some regions remained within 
weaker innovation models. Most of the regions that upgraded their innovation models experienced relatively greater 
GDP growth than most of the regions that did not, which is in line with the findings of Pylak and Majerek [14] that 
specific sets of variables may accelerate the growth of regions. Thus, we confirmed the hypothesis. The analysis, 
supported by the logit regression technique, also shows that chances for achieving greater economic growth by less-
developed regions were better in regions with higher values of variables related to innovativeness, such as high 
technology transfer, increase in the employment share in the high technology industry, increase in the share of people 
with tertiary education and employed in science and technology and increase in the employment rate of females aged 
15 to 64. These findings may allow regional authorities to tailor development policies to regional conditions and thus 
renew the economies and improve quality of life in less-developed regions. 
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